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J-2 EQUIPMENT PLATFORM BRACING

a. Introduction.

(1) Purpose. The purpose of this example problem is to illustrate the design of a braced steel
platform supporting heavy equipment.

(2) Scope. The problem generally follows the steps in Table 4-5 and the procedures in
Chapter 10 of this document and Chapter 6 of FEMA 302.

b. Component description.

The equipment in this example problem is an elevated steel water tank on a braced steel platform located
on the roof of a two story building.  An elevation of the tank and platform is shown in Figure J2-1 and a
framing plan of the platform is shown in Figure J2-2.

Note:  For metric equivalents; 1-ft = 0.30m
Figure J2-1.  Elevation of tank and platform support structure
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1-in = 25.4mm
1-ft = 0.30m

1plf = 14.58KN/m
Figure J2-2.  Platform framing plan

c. Component design.

A.1 Determine appropriate Seismic Use Group

It is decided that the building supporting the tank be functional after an earthquake, therefore the tank is
given a performance level of immediate occupancy (IO).  The Seismic Use Group and other performance
parameters are determined from Table 4-4, as follows;

Performance Level: IO     (per problem statement)
Seismic Use Group: IIIE                (Table 4-4)
Ground Motion: 3/4 MCE (B)                          (Table 4-4)
Performance Objective: 3B                          (Table 4-4)

A.2 Determine site seismicity.

The following values are assumed for this example:
SS = 1.20g        (MCE Maps)

A.3 Determine site characteristics.

Soil type D is assumed for this problem
Soil type: D                 (Table 3-1)

A.4 Determine site coefficients.

Fa = 1.02 (interpolated)                        (Table 3.2a)

A.5 Determine adjusted MCE spectral response accelerations.

SMS = FaSS = 1.02(1.20)g = 1.22g                            (EQ. 3-1)

A.6 Determine design spectral response accelerations.

SDS = 3/4 SMS = 3/4(1.22) = 0.92g                            (EQ. 3-3)
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A.7 Lateral load reisiting system.

Steel tank to be welded to platform and platform to be laterally supported by cross bracing in both
directions.

A.8 Select Rp, ap, and Ip factors.

ap = 2.5                        (Table 10-1)
Rp = 2.5                        (Table 10-1)
Ip = 1.5                                       (per Paragraph 10-1d)

A.10 Determine member sizes for gravity load effects.

Determine structural weights;
Weight above platform;
Weight of water;
Note:  Assume tank is normally full

V R h ft= = = −π π2 2 35 10 785( ' ) '   (22.23m3) density of water = 62.4-lb/ft3  (9800KN/m3)

W ft lbwater
lbs ft k k= − − =785 62 4 1 1000 49 03 3

( . )( / ) ./   (218.0KN)
Weight of tank shell (1/4-in. (6.4mm) plate);

Area Dh ft= = = −π π( ' ) ' .10 10 314 2 2  (29.19m2)

w lb in psfplate = − =0 25 1 490 10 23. " ( '/12") / .  (0.49KN/m2)

W ft psf lbshell
k k= − − =314 2 10 2 1 1000 322. ( . )( / ) .   (14.2KN)

Weight of tank top and bottom (3/8-in. (9.53mm) plate);
Area r ft= = = −2 2 5 1572 2 2π π( ')  (14.59m2)

w lb in psfplate = − =0 375 1 490 1533. " ( '/12") / .   (0.73KN/m2)

W ft psf lbtop bot
k k

& ( . )( / ) .= − − =157 153 1 1000 2 42   (10.7KN)

Therefore, the weight above the platform is;
W W W Wp water shell top bot

k k k k
1 49 0 32 2 4 54 6= + + = + + =& . . . .   (242.9KN)

Weight of platform;
Weight of platform beams (conservatively assume beam weight at 30psf over platform plan area);

W psf lbbeams
k k= − =30 10 10 1 1000 30( ' ) ' ( / ) .   (13.3KN)

Weight of legs and braces (assume legs and braces at 10psf projected horizontally);
Note:  Tributary height of 5-ft. (1.53m) is taken in lumping load at platform level

W sides psf lblegs braces
k k

& ( ) '( ')( / )= − =4 10 5 10 1 1000 2   (8.9KN)

Therefore, the weight to lump at the platform level is;
W W Wp beams legs braces

k k k
2 3 2 5= + = + =&   (22.2KN)

Design transverse platform beams (see Figure J2-2, and J2-3);
Note:  It is conservatively assumed that the middle transverse beam supports half of Wp1 with the
distribution as shown in Figure J2-3.  One design will be made for this beam and used throughout for all
transverse beams.

Using load combination U = 1.4D;
Wu = 1.4(0.5(54.6k)) = 38.2k   (169.9KN)

M
W L

u
u

k
in k= = = −

6
38 2 10 12

6
764

. ( ' )( "/1')
  (86.3KN)

Figure J2-3.  Loading on middle transverse beam
Note:  Beam is laterally supported throughout its span
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Use W10x22 (254mmX1.05KN/m) for transverse beams
Design longitudinal platform beams (see Figures J2-2, and J2-4);

P1u = (1/2)38.2k = 19.1k  (89.96KN)
P2u = (1/2)P1u = 9.6k  (42.70KN)

Therefore, reactions are; Ru = 19.1k  (89.96KN)
The maximum moment occurs at mid span as;

Mu = [19.1k(5’) – 9.6k(2.5’)](12”/1’) = 858in-k  (96.95KN-m)
Figure J2-4.  Loading on longitudinal beams

Note:  Beam is laterally supported throughout its span
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(okay because of conservative assumptions)
Use W10x22 (254mmX1.05KN/m) for longitudinal beams

Design columns;
Using load combination U = 1.4D;

P column W W columnsu p p
k k k column/ . ( )/# . ( . ) / . /= + = + =14 14 54 6 5 4 20 91 2   (93.0KN/column)

Try W10x22;
Relevant properties of a W10x22 are as follows;

A = 6.49-in2   (4.19X103 mm2) ry = 1.33-in   (33.8mm) rx = 4.27-in   (108.5mm)
Check capacity of W10x22;
Note:  Elements are in a braced frame with K = 1.0
Since KLy = KLx;
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From AISC LRFD Table 3-36; φc crF ksi= 19 94.   (137.5MPa) (interpolated)

φ φc n c cr g
kP F A ksi in= = − =19 94 6 49 129 42. ( . ) .   (575.6KN)

φc n
k k

uP P= > =129 4 20 9. .   (575.6KN > 93.0KN)
Use W10x22 (W254mmX1.05KN/m) for columns

Design transverse beam to longitudinal beam connection (see Figures J2-2, and J2-5);
Use; Fy = 36ksi (248.2MPa), and Fu = 58ksi (399.9MPa)
Note:  It was previously determined that the middle transverse beam supports half of Wp1 with the
distribution as shown in Figure J2-3.  Therefore, the reaction can be taken as Ru = (1/2)38.2k = 19.1k

(89.96KN).  One design will be made for this beam and used throughout for all transverse beam
connections. Formulas are taken from Part 9 of AISC LRFD volume II, 2nd edition.

Relevant properties of a W10x22 are as follows;
tw = 0.240-in  (6.1mm) bf = 5.750-in  (146.1mm) 
tf = 0.360-in  (9.1mm) d = 10.17-in  (258.3mm)

Determine coping dimensions c and dc;

c in= − = −5750 0 240
2

2 76. " . " .   (70.1mm) Say  c = 3.0-in   (76.2mm)

dc = 0.360” + 0.500” = 0.86”   (21.8mm) Say  dc = 1.0-in   (25.4mm)

Check flexural yielding of coped section assuming two 7/8-in. (22.2mm) φ bolts;

R
M
eu

b n≤φ
where; φ = 0.9

Mn = FySnet
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R f f fu r s b
k in k in k in k in= = + = + = <2 2 2 22 83 2 58 383 419( . ) ( . ) . ./ / / /

 (0.67KN/mm < 0.73KN/mm)       O.K.
Use four 3/16-in. (4.8mm) welds to secure tank to perimeter beams

Check transverse perimeter beams;
The transverse perimeter beams support relatively little of the tanks dead weight, but resist the overturning
reaction.  This reaction was previously calculated to be Pu = 20.7k (92.1KN).  These beams were sized in
the gravity load design as W10x22’s and will be checked here.  It is conservatively assumed that the beams
support only the overturning seismic reaction.
The maximum moment occurs at mid span as;
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Note:  Beam is laterally supported throughout its span
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            (314.6X103 mm3 < 435.9X103 mm3)       O.K.
Keep W10x22 (W254mmX1.05KN/m) for transverse beams

Check longitudinal beams;
The longitudinal beams support all of the tanks dead weight (transferred to it from the interior perimeter
beams), and also resist the overturning reaction of Pu = 20.7k (92.1KN).  These beams were sized in the
gravity load design as W10x22’s and will be checked here.
Per load combination ‘U = 0.9D + E’ the center load P1u in figure J2-4 is reduced to an uplift load of;

20.7k – 19.1k = 1.6k   (7.12KN)   (uplift)
By inspection, this reduces the end reactions and the maximum moment acting within the beam.  Therefore,
the W10x22 is still adequate.

Keep W10x22 for longitudinal beams
Design transverse beam to column connection;
The worst case beam reaction is Ru/2 = 20.7k/2 = 10.4k (46.3KN).  By inspection, the same single plate
connection used for the other beam to beam or beam to column connections is adequate.

Use two 7/8-in. (22.2mm)  φ A325-N bolts with 1/4-in. (6.4mm) single plate and 3/16-in. (4.8mm)
welds similar to Figure J2-5

Check column for combined loading (see Figure J2-7);
Determine design loads;
Calculate reactions;
From symmetry;

R1H = R2H =(1/2)(45.2k + 4.15k) = 24.7k  (109.9KN)

M2 0∑ = ;

( ) ' . ( ' ) . ( ' )R V
k k

1 10 452 15 415 10 0− − =
R1V = 72k  (320.3KN) (tension)

Fy∑ = 0;

R2V = 72k (compression)
Calculate compressive force in column;
Summation of loads at point 2;
Due to the 45 degree inclination of the brace;

( ) ( )F Fbrace horz brace vert= = 24.7k  (109.9KN)

Fy∑ = 0;

( ) ( ) . .F R Fcol vert V brace vert
k k k= − = − =2 72 24 7 47 3  (210.4KN)

Superimposing the dead load;
From load combination ‘U = 1.2D + E’;



J2-9

Note:  For metric equivalents; 1-ft = 0.30
Figure J2-7.  Seismic force diagram for supporting legs and braces

Dead load = (Wp1 + Wp2)/4 = (54.6k + 5k)/4 = 14.9k  (66.3KN)
Pu = 1.2(14.9k) + 47.3k = 65.2k  (290.0KN)

Check column capacity;
φ φc n c cr g

kP F A= = 129 4.   (575.6KN) (calculated previously)

φc n
k k

uP P= > =129 4 652. . (575.6KN > 290.0KN)                     O.K.

Design brace;
Determine deign loads (see Figure J2-7);
Note:  Brace does not support gravity loads.  Therefore, all load combinations reduce to Pu = E.

F F Fbrace brace horz brace vert
k k= ± + = ± = ±( ) ( ) ( . ) .2 2 22 24 7 34 9   (155.2KN)

Compression;
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Design brace to brace connection (see Figure J2-9);
Use similar design as used at the brace connection to the column and beam.  By inspection, the connection
meets the requirements of shear/tension rupture, tensile capacity, and compressive capacity.  Also, buckling
of the gusset plate does not govern because ll is so much less.

Note:  For metric equivalents; 1-in = 25.4mm
Figure J2-9.  Brace to brace connection

 Design gusset plate to column and column base plate (see Figure J2-10);
Use similar design as used at the column to beam connection.  All parameters are the same except the
gusset plate attaches to the column base plate instead of the beam.

Note:  For metric equivalents; 1-in = 25.4mm
Figure J2-10.  Brace to column and column base plate connection








